Transport and recombination
We have performed transient open-circuit voltage and transient short-circuit photocurrent measurements similarly to as previously described. 1 Here, a single red light emitting diode (630 nm peak) was used as the background and perturbation source, focused to give a maximum intensity of around 100 mWcm −2 . The square wave perturbation (1 ms width) was kept to a minimum intensity such that it could be considered small. At open-circuit, when the light pulse hits the device a transient pulse in the voltage is observed. This voltage signal is recorded through the high impedance port (1 MΩ) of an Agilent Technologies oscilloscope. The photoinduced increase in charge density within the active layer causes the increase in voltage. Since the perturbation is small, the transient decay of the voltage is directly proportional to the transient decay of the charge density, allowing an estimate of the electron-hole recombination lifetime. At short-circuit, charge can be collected from the device. Following the light pulse there is a transient pulse observed in the short-circuit current. The transient short-circuit photocurrent is recorded through the low impedance port (50 Ω). The current collection rate is then estimated from the decay of this signal. Due to the use of a red light source, the adsorption can be considered uniform over the entire film, and in essence this experiment corresponds to a 'spatially intergrated' time of flight transient current measurement under zero (low) field. The effective diffusion coefficient for electrons (D e ) can be calculated following D e = w 2 /2.35τ e , where w is the film thickness and τ e is the current collection lifetime. Figure S2 shows the transient signal of the current and voltage perturbation under short-circuit conditions. Here, a sourcemeter (or a galvinostat) is used to allow a constant current, equivalent to short-circuit current, to flow through the circuit. For measuring the voltage perturbation at short-circuit, a Keithley 237 sourcemeter was connected in series with the solar cell, and used to hold the current constant, and equivalent to short-circuit current under the bias light, following a light pulse. The voltage perturbation across the solar cell is recorded by connecting this circuit in parallel with the high impedance port on the oscilloscope, i.e. measuring the voltage perturbation across the solar cell when no extra current is allowed to flow following the light pulse. Following the light pulse the current cannot alter, therefore a voltage perturbation occurs. Since no 'extra' charge can be collected the charge injected from the pulse must recombine within the device and the decay of the voltage perturbation is proportional to the decay of the extra charge in the system, hence the charge lifetime is extracted. In Fig. S2 we show the current and voltage transient responses at short-circuit. Here, we see that the voltage decay is significantly slower than the current decay.
It is possible to estimate the electron diffusion length (L D ) from the simple relationship between electron lifetime and diffusion coefficient,
From the data presented, this is estimated to be 18 μm which is in very good agreement with our solar cell thickness dependence measurement and confirming our suspicion that the current collection in the 30 μm thick solar cell is limited by electron hole recombination. 
Analysis of small-angle X-ray data
The data exhibiting a scattering peak was fitted using a model in the form
This model treats the physical structure as composed of scattering bodies convoluted with a structure factor, which discribes their positions. The scattering is related to the physical structure, as described by the electron density function ρ e (r), through a Fourier transform
Hence, it can be described by the product of the individual Fourier transforms describing the scattering bodies and the lattice, S(q) and P (q) respectively, as described by Roe 2 and originally proposed by Zernike and Prins.
3 Assuming a (physical) structure in the form of a one-dimensional, distorted lattice, with average periodicity and degree of distortion d and δ respectively
where A = exp(−0.5q 2 d 2 δ 2 ). The particle scattering function was based on the assumption that the scatterers were effectively spherical, with radius R normally distributed about the mean R avg , and standard deviation σ. Hence
where V (R) = (4/3)πR 3 and F (R) = (
The factor B was included to scale the model to the experimental measurements.
The spectra which did not exhibit a scattering peak were analysed in terms of the Debye-Bueche model, relating the scattered intensity to Fourier transform of the autocorrelation function γ(r)
γ(r) is the self-convolution of electron density ρ e (r)
du ρ e (u)ρ e (r + u).
In the simplest model, the autocorrelation function is described by an exponential
where ζ is the characteristic length. This results in a scattering function of
where A is a constant. Hence
Plotting I(q) ] Fig. 2 Nitrogen sorption data of calcined TiO 2 before (triangles) and after (circles) film processing. The plot of pore area vs. pore diameter confirms that the measured specific surface area stems predominately from very small (nanometer-sized) pores, rather than from the mesoscopic (10 nm -sized) morphology.
